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iTTHvencton concerne im accumulateur comprenant unc Electrode positive k 
base d'hydroxydfts de nickel, une Electrode nfigative ec un filectr lyte alcalin, 

Dans lee accumulateura ilcalins oO I 'Electrode positive est a base d'hydro- 
xydes de nickel (aystSines nicVel-fer, nickel- cadmium, etc.) lee rendcmenta de 
5 charge deviennent tree faibles ausflitot que la temperature de f onctionnement de 
l^accumulateur depasse 40^ « L*o^{;ena cooaence ^ ee degager aur l*61eccrode 
positive bien avant la fin de la transformation des hydroxydea de nickel divalent 
en hydroxydes superieurs . Ceci est du en particulier I I'ina tabilite k chaud de 
ces hydroxydes superieurs . Dans les accumulateurs oQ lee felectrcdes minces sont 
10 figparees par un intervalle mince, l*«3cyg&ne ainsi dggag^ patvient par diffusion 
dans le compartinient negatlf ou le courant le rSduit a l'€tat d'ion hydroxyda, 
le courant ainsi utilisS Stant perdu pour la charge de l*61ectrode negative 
dont le rendement de charge baisse done igalement. 

La prSsertte invention a pour but d'entraver ce degagement d'oxygene et ainsi 
15 de favoriser la charge de 1 'Electrode positive et par voie de consequence cells 
de I "Electrode nigative dans un accunulateur alcalin, 

Selon 1 'invention 1 'Electrolyte comporte dcs coiapos§s d'ananonium quatemairG * 

Dans une realisation pr€f§r€e de 1* invention Icsdits composes sont choisis 
parmi les corps du groupe formi par de 1' alky 1 ammonium, de 1 'arylanaooniutn et de 
20 I'alkylarylammonium. 

Avant ageusement 1 'alkylammoniuiD se prSsente sous une dee formes dc tetra- 
methyl ammonium, t€ trad thy lammonium et tetrabutylammonium. 

On prgf^isp dissoudre ls£ composis d'ainavonium quaternaire sous forme d^hydro- 
xydes dans de I'eau. 

25 Selon une variante de realisation de 1' invention les composes d'aimsonium 

quatemaires sont dissous dans une solution aqueuse de potasse, de soude ou de 
leurs melanges. 

L* invention sera mieux comprise a l*aide des exeiq^les d€crit8 ci-aprgs en 
regard des dessins annexes dans lesquels : 
30 - ta figure I reprSsente les courbec de dSrharge comparatives 2 55*C d'un 

accunulateur classique et d'un accumulateur selon l*invention charges dans lea 
mSmes conditions. 

" La figure 2 represente les courbes de cyclage d'un accumulateur classique 
et d'un accumulateur selon 1' invention, jusqu'au 20e cycle, 
35 EXEMPLE 1 

On monte un accumulateur I Electrodes 'A support fritt€ mince enroulfees. La 
matiere active de 1 'electrode positive est constitute par de 1* hydroxy de de 
nickel et celle de l*electrode negative par de I'hydroxyde dc cadmium, L' Elec- 
trolyte qui est ajoutS a cet accumulateur par ailleurs de type classique, d'u-ae 
tiO capacite nominale de 500 mAh est constitue par une solution aqueuse 4N d'hydroxyde 
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de t&tramechylammoniuTD* 

Get accumiilateur est mis en charse i utv courant de SO mA pendant 14 heures, 
en tngme teops qu'un accutnulateur <Ju n»Snie type maia comportant un Slectrolyce 
classique constitu§ par une solution 7N de potaBse, U decharge esc faite I un 
5 courant de 100 mA. Toutea cee opferacions 8ont effeccufeea a 

CooOB on le voic eur la figure 1 oil Us tensions ont 6t6 portSea en abscisses 

et lea heures de decharge en ordonn^cs, un accutnulateur classique (ligne inte-.r- 

rompue) eat dgcharge au bout de deux heures ek demie (tcnsiona de fin de decharge 

1 volt), c*esc-a-dire qu*il ne donne que la moi'tiS de la capacity nominale, 

10 tandis (iu»un accumulateur selon I'invention (ligne continue) n'eat dScharge qu*au 

bout de 4 heures et quart (tension de fin de dficherge 1 volt), c'est-&-dire qu'il 

donne 85X de la capacice nominale. Us rendementfi defl anpSres -heures d€charges 

2S0 • 425 • 

sur les anperes-heurea charges sont respectivement soit 36%, et j^, soxt 

61%. Cotnae on le voit, le rendement est considSrablement augment^ a temperature 

15 elevge par I'utilisation de l'§lectrolyce selon I'invention. 

La figure 2 repr^sente les essais de cyclage d'un accumulateur selon I'inven- 
tion (ligne continue) et d'un accumulateur classique (ligne interrompue) . te 
cyclage est fait selon le cN'cle decrit plus haut. 14 heures de charge a 50 mA et 
d&charge I 100 mA, sauf aux Se, 9e, 14e, l9e cycles, Ces cycles correspondent a 

20 de longues p&riodes de charge ou les accumulateura sont mis & un regime de charge 
de 30 mA pendant 62 heures. En outre, le lOe cycle est accompli a la temperature 
ainbiante, tandis que la tetqj^rature est toujoure tnaintenue par ailleurs a 5S**C. 
Les accuoulateurs subissent au pr§alable une formation de 3 cycles a temperature 
ani^iante, 

25 Comme on le voit sur la figure 2 ou Ton a portS les nombres n de cycles en 

abscisses et les capacites C rgcupCireea en ordonnSes, alors que la capacir.g 
de 1' accumulateur classique ne tarde pas I tomber au-des£ous de 350 mAh (sauf 
pour le lOe cycle a cemp€ratu=e aii4)iance) et baisae rggulierement , 1* accumulateur 
scion l*invention a une capacice qui ne tombe jamais au-dessous de 400 mAh et 

30 tend a augmentcr. 
EXEKPLE 2 

On remplace dans I'exemple 1 I'glectrolyte par une solution d'un mglange de 
potasae (nomalitS partielle 2N) et d'hydroxydes de tStranSthylawnonium (normii- 
llte partielle igalement 2N) • Get accumulateur est cycle de la niSme maniere que 
35 celui confonae a I'exemple K On constate quM temperature. aabiante le rapport 
de capacity entre 1* accumulateur selon I'invention et 1 * accumulateur classique. 
dont raectrolyte est constitue par une solution 7N de potasse est d^environ 
0,84 tandis que I 55*C ce rapport remonte I environ 1,24 au premier cycle et I 
environ 1,31 au septieme cycle. 
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EXEMPLE 3 

Tous autres paramStres conserves, on ranplace dans I'exeople 2 le cgtramSchylam- 
monium 2N par du cScraethylaamonium 2N et on constate que le rapport de capacit€s 
a temperature anibiante est d*environ 0,63, candis qu'a 55*0 il monte a environ 
5 1,27 au premier cycle ec i environ 1,20 au septiSme cycle. 

On voir done que Ic comportement des accumulateurs selon l*inventlon eat 
bien sup&rieur a 55^C a celui de l*accuiiiulateur clasaique servant de r€£erenc(S* 
Cette remarque gSnerale est valable egalement lorsqu'on modifie les proportions 
respeccives des composes d^amiBoniuin et de la potasse ou si l*on remplace la 

10 potasse par la soude. On pbcient par exemple une nette amSlioration du compor- 
cedent a chaud par une solution de tetrad thy lamnonium 0,5K et potasse 3,5^ en 
comparaison avec 1 'Electrolyte claasique. 

A titre d'hypothgse, &t sans que I'exactitude de 1 'explication qui va 
euivre puisse en rien influencer aux la valeur de la presence invention, on peut 

15 tenter 1* explication suivanc : les gros ions constitues par les ions d * aim&oni\nn 
quaternsire sonc adsorbSs a I 'interface electrode positive-electrolyte et foruient 
ainei une couche qui s 'oppose au degagement d'oxygene qui ae produirait a chaud 
en 1' absence de cecte couche* Le rendement de charge eot ainsi ain€lior§. 
L' invention n'e&t pas limitge aux exemplcs d^crits en dStail* On peut 

20 remplacer ou combiner les composes aliphatiques par ou avec des composes, aroma- 
tiques tels que benzyltriaethylanmoniuii! ou phSnyltrizne'rhylainab&ium. On peuc 
finaleaent choisir d* autres electrodes negatives que celles 1 base de cadiaiua, 
conme par exemple celles a base de fer. 
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RKVENDICATIONS 

1/ Accumulateur alcalin ^omprenant une €1 ctrode p eitive I basa d'hydroxydes de 
nickel, une electrode negative et on llectrolyce, caraccSrisS par le faiC que 
1' Electrolyte conporce des composes d'afflaoniua quaternaire. 
5 2/ Accumulateur selon la revendication 1» caracteris§ per le fait que leodits 
composes sont choisia panai les corps du groupe fom^ par de I'alkylammoniuin, 
de I'arylannaonium et de 1 *alkylaryldnimoiiiuo, 

3/ Accumulateur aelon la revendication 2, caractgrisl par le fait que I'ulkylanr- 
monium se prgsentc ecus une des fonnes de tfit rang thy lamnionium, titraethylam- 
]0 isonixjm et cetrabutylammoniuxs* 

4/ Accuoulateur aelon I'une des revendi cations precSdentes, caracterise par le 
fait que les composgs d'ammoniua quatemaire sont dissous dans de I'eau aous 
forne d'hydroatydee • 

5/ Accumulateur selon la revendication A, caract&ris§ par le fait que les 
13 composSs d'aumonium quaternaire sont dissous dans une solution aqueuse d'une 
substance du groupe constituS par la potasee, la soude et leurs mSlangea. 
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The invention relates to a battery comprising a nickel hydroxide based positive 
electrode, a negative electrode and an alkaline electrolyte. 

In alkaline batteries where the positive electrode is based on nickel hydroxides 
(nickel-iron, nickel-cadmium systems, etc.), the charge efficiency becomes 
very low as soon as the operating temperature of the battery exceeds 40"". 
Oxygen starts to release on the positive electrode well before the completion 
of the transformation of the bivalent nickel hydroxides into higher hydroxides. 
This is due, in particular, to the instability at high temperatures of these higher 
hydroxides. In batteries where thin electrodes are separated by a narrow gap, 
the oxygen released as indicated above by diffusion gets into the negative 
compartment where the current reduces it to the hydroxide ion state, the 
current used for this being lost for charging the negative electrode, so that the 
charge efficiency of same also drops. 

The object of the present invention is to prevent this release of oxygen and in 
this way to enhance the charge of the positive electrode and as a result thereof 
that of the negative electrode in an alkaline battery. 

According to the invention the electrolyte comprises quaternary ammonium 
compounds. 

In a preferred embodiment of the invention these compounds are chosen from 
among the substances of the group formed by alkyl ammonium, aryl 
ammonium and alkyl aryl ammonium. 

Alkyl ammonium advantageously is used in one of the forms tetramethyl 
ammonium, tetraethyl ammonium and tetrabutyl ammonium. 

It is preferred to dissolve the quaternary ammonium compounds in water in 
the form of hydroxides. 
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According to an alternative embodiment of the invention, the quaternary 
ammonium compounds are dissolved in an aqueous solution of a substance of 
the group formed by potassium, soda and mixtures thereof. 

The invention will be understood better with the aid of the examples described 
below with reference to the attached drawings, wherein: 

- Figure 1 shows the comparative discharge curves at 55''C of a conven- 
tional battery and a battery according to the invention charged under the same 
conditions. 

- Figure 2 shows the cycling curves of a conventional battery and a battery 
according to the invention, up to the 20th cycle. 

EXAMPLE 1 

A battery with electrodes wound on a thin, fritted support is used. The active 
material of the positive electrode is formed by nickel hydroxide and that of the 
negative electrode by cadmium hydroxide. The electrolyte which is added to 
this battery is of the conventional type, with a nominal capacity of 500 mAh 
and consists of an aqueous solution of 4N tetramethyl ammonium hydroxide. 

This battery is charged at a current of 50 mA for 14 hours, at the same time as 
a battery of the same type but comprising a conventional electrolyte consisting 
of a 7N potassium solution. The discharging takes place at a current of 100 
mA. All these operations are carried out at 55''C. 

As can be seen from figure 1 , where the voltages are plotted on the abscissas 
and the discharge hours on the ordinates, a conventional battery (broken line) 
is discharged after two and a half hours (voltage at the end of the discharge 1 
volt), whereas a battery according to the invention (continuous line) is only 
discharged only after 4 and a quarter hours (voltage at the end of the discharge 
1 volt), i.e. it gives 85% of the nominal capacity. The yields of the discharged 
ampere-hours over the charged ampere-hours are 250/700, i.e. 36%, and 
425/700, i.e. 61% respectively. As can be seen, the yield is increased con- 
siderably at a high temperature when the electrolyte according to the invention 
is used. 
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Fipure ^ shows the cychng tests of a battery according to the invention (con- 
tinuous line) and of a conventional battery (broken line). The cychng takes 
place according to the cycle described above, 14 hours ot chargmg at 50 mA 
and discharging at 100 mA, except for the 5th, 9th, 14th and 19th cycles. 
These cycles correspond to long charging periods where the batteries are 
charged at 30 niA for 62 hours. In addition, the 10th cycle takes place at room 
temperature, whereas othenvise the temperature is always mamtamed at 55 C. 
The batteries beforehand undergo a forming of 3 cycles at room temperature. 

As can be noted from Figure 2, where the number of cycles n are plotted on 
the abscissas and the recovered capacities C on the ordinates, whereas the 
capacity of the conventional battery does not take long to drop below .50 
mAh (except for the 10th cycle at room temperature) and drops regularly, the 
battery according to the invention has a capacity which never drops below 400 
mAh and tends to increase. 



EXAMPLE 2 . . . 

In example 1 the electrolyte is replaced by a solution consisting of a mixture 
of potassium (partial normality 2N) and tetramethyl ammonium hydroxide 
(partial normality also 2N). This battery is cycled in the same way as in 
example 1 It is noted that at room temperature the capacity ratio between the 
battei7 according to the invention and the conventional battery, the electrolyte 
of which consists of a 7N potassium solution, is approximately 0,84, whereas 
at 55°C this ratio increases to approximately 1,24 for the 1st cycle ant to 
approximately 1 ,3 1 for the seventh cycle. 

EXAMPLE 3 , , • oxT ;„ 

All other parameters being the same, the tetramethyl ammonium 2Nm 
example 2 is replaced by tetraethyl ammonium 2N and it is noted that the 
capacity ratio at room temperature is approximately 0,83, whereas at 55 C it 
increases to approximately 1,27 for the first cycle and to approximately 1,20 
for the seventh cycle. 

It is noted, therefore, that the behaviour of the batteries according to the 
invention is far superior at 55"C to that of the conventional battery used as a 
reference This general observation also applies when the respective 
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proportions of the ammonium and potassium compounds are changed or if the 
potassium is replaced by soda. For example, a clear i-P-venjent „. the 
behaviour at high temperatures is obtained with a solution of tetraethy 
ammonium 0,5 N and potassium 3,5N compared to the conventional 
electrolyte. 

By way of hypothesis, and without the accuracy of the following explanation 
being able in any way to affect the value of the present invention, one could 
try L following explanation: the large ions formed by the quaternary 
ammonium ions are adsorbed on the interface positive electrode/electro yte 
and in this way form a layer which opposes the release of oxygen which is 
produced at high temperature in the absence of this layer. The charge 
efficiency is, therefore, improved. 

The invention is not limited to the examples described in detail. The aliphatic 
compounds can be replaced by or combined with aromatic compounds such as 
benzyl trimethyl ammonium or phenyl trimethyl ammonium. Finally, negative 
electrodes other than cadmium-based ones can be chosen, e.g. those based on 



iron. 
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Alkaline battery comprising a nickel hydroxide based positive electrode, 
a negative electrode and an alkaline electrolyte, characterised in that the 
electrolyte rnmprisp^ gn Rternarv ammonium compound s. 

Battery according to claim 1, characterised in that the said compounds 
are chosen from among the substances of the group formed by alkyl 
ammonium, aryl amm oniuniand alkyl aryl ammoniu m. 



Battery according to claim 2, characterised in that alkyl ammonium is 
used in one of the forms tetraiiiethv Ummonium, tetraethy lammonium 
and tetrabutyl ammonium. 

Battery according to any one of the preceding claims, characterised in 
that the quaternary ammonium compounds are dissolved in water in the 
form of hydroxides. 

Battei7 according to claim 4, characterised in that the quaternary 
ammonium compounds are dissolved in an aqueous solution of a 
substance of the group formed by potassium, soda and mixtures thereof. 




